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(54) Abstract Title 

Portable radio telephone having improved speaker and housing assembly for hands free and private 
operation 

(57) A portable radio telephone is adapted to provide hands free operation and to be held against a users ear 
for private operation. A housing 348 of the portable radio telephone has an ear placement region on a front 
surface 346 thereof. A speaker 340 is disposed behind the ear placement region. The ear placement region is 
adapted to be held against a user's ear in private operation and create a first air volume 360 between the ear 
and the ear placement region. An air path between the first air volume and a second air volume 370 at the back 
surface of the housing, in one embodiment (Fig. 5) this includes at least ports 320,220 and cavity 352. In 
another embodiment (Fig. 6) the speaker is spaced back from the front surface of the housing and the airpath 
runs from the cavity so created via ports 338,220 and cavity 352. A layer of felt 344 may be provided to prevent 
the ingress of contaminants. 
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PORTABLE RADIO TELEPHONE 
HAVING IMPROVED SPEAKER AND HOUSING ASSEMBLY 
FOR HANDSFREE AND PRIVATE OPERATION 

5 Field of the Invention 

The present invention relates generally to the field of portable 
electronic devices, and more particularly to a portable radio telephone 
having an improved speaker and housing assembly for handsfree and 
1 0 private operation. 

Background of the Invention 

A portable electronic device, such as a portable radiotelephone, 

1 5 employs a speaker to convert electrical signals into sound waves in the 
human-audible frequency range of 20 Hertz (Hz) to 20,000 kilo-Hertz 
(kHz). When positioned against the user's ear dialing private operation, 
the speaker enables a user of the radiotelephone to hear a representation 
of a caller's voice, as well as other sounds such as dial tones. It is desirable 

20 to use the same speaker for handsfree operation in order to minimize cost 
and size of the portable electronic device. In order for the speaker to 
produce an acceptable sound pressure level in the human-audible 
frequency range during handsfree operation, the speaker needs to have a 
relatively high compliance. A high compliance speaker can be 

25 characterized as having a relatively large effective air volume. If the 
effective air volume of such a high compliance speaker is large with 
respect to the air volume that the speaker is radiating into, and also large 
with respect to the air cavity that the speaker is mounted in, then the low 
frequency response of the speaker is significantly reduced. This 

30 degradation in the low frequency response occurs when a high 

compliance speaker is held up to the user's ear during private operation of 
the portable electronic device. 
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Accordingly, a need therefore exists for a speaker and housing 
assembly for small portable radio telephones, which is tuned to provide 
acceptable audio quality in both handsfree and private operation. 



5 Brief Description of the Drawings 

FIG. 1 is a perspective view of a portable radio telephone in an 
open position. 

FIG. 2 is a perspective view of the portable radio telephone in a 
1 0 closed position. 

FIG. 3 is a perspective view of a partial assembly of the upper 
housing with a cutaway. 

FIG. 4 is a perspective view of a partial assembly of an alternate 
embodiment of the upper housing with a cutaway. 
1 5 FIG. 5 is a cross sectional view of the upper housing taken along a 

line 5-5' of FIG. 3. 

FIG. 6 is a cross sectional view of an alternate embodiment of the 
upper housing taken along a line 6-6' of FIG. 4. 

FIG. 7 shows a graph of the acoustic frequency response curve of 
20 the portable radio telephone in FIGs. 1 and 2 when used in private 
operation without the port and cavity system shown in FIGs. 5 and 6. 

FIG. 8 shows a graph of acoustic frequency response curve of 
portable radio telephone in FIGs. 1 and 2 when used in private operation 
with with the port and cavity system shown in FIG. 5. 

25 

Detailed Description of the Preferred Embodiments 

A portable electronic device such as a portable radio telephone has 
a speaker with a relatively high compliance that is used for both private 
30 operation and for handsfree operation. A housing has an ear placement 
region on an outside surface and is configured to carry at least one of a 
receiver and a transmitter. 

FIGs. 1 and 2 show a perspective views of portable radiotelephone 
100 that provides for wireless communication via radio frequency (RF) 
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signals. Portable radiotelephone 100 is a preferred embodiment of a 
portable electronic device embodying the present invention. Portable 
radio telephone 100 may be operable in a variety of cellular telephone 
systems and is commonly referred to as a portable cellular telephone. 
5 Portable radiotelephone 100 has an upper housing 108 and a lower 

housing 102 rotatably connected via a hinge 116. Portable radiotelephone 
100 has a open position, as shown in FIG. 1, and a closed position, as 
shown in FIG. 2. With such a configuration, portable radio telephone 100 
is commonly referred to as a foldable or clamshell style telephone. Upper 
1 0 and lower housings 108 and 102 form a housing of portable radio 

telephone 100. The housing has a receiver and a transmitter (not shown) 
disposed therein (here, in lower housing 102) for providing RF 
communication. 

Upper housing 108 in FIG. 2 is formed by a front housing portion 

1 5 200 and a rear housing portion 202 having a cavity into which battery 

pack 204 is inserted for powering the portable radio telephone 100. Upper 
housing 108 also has an ear placement region 120 (see FIG. 1) on the front 
surface thereof, where an ear of a user is positioned for listening to voice 
signals from a speaker (not visible in FIGs. 1 and 2). An opening 112 and a 

20 plurality of additional openings 114 and 116 are formed on the front 

surf ace within ear placement region 120 for emitting sound from speaker 
340 (see FIG. 3). Also, five additional ports 220 (see FIG. 2) are formed on 
the back surface of the upper housing 108. 

Lower housing 102 includes a rear housing portion carrying a 

25 display lens 104 that is substantially flush with a front surface thereof. 

Lower housing 102 includes a front housing portion carrying a plurality of 
input keys 106, including conventional telephone keys (0-9, *, and #) and 
function keys, on a front surface thereof. In addition, three input keys 118 
are exposed on a left side surface of lower housing 102. A user of portable 

30 radio telephone 100 may select between handsfree operation and private 
operation by entering predetermined key sequences, by entering a menu 
to select between them, or by any other suitable means. A message such as 
"handsfree" or "private" may be entered in display 104, or aural and /or 
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visual indicators may inform the user whether handsfree operation or 
private operation has been selected. 

An retractable or fixed antenna 206 (see FIG. 2) is positioned at a 
top surface of lower housing 102- An opening 140 is formed on a bottom 
5 surface of lower housing 102 and exposes an electrical connector (not 
shown) provided for communication of input/ output data or receiving 
electrical energy through a cigarette lighter adapter (not shown). An 
opening 142 is formed on the front surface, where a mouth of a user is 
positioned for talking into a microphone (not visible in FIGs. 1 and 2). 

10 FIG. 3 is a partial perspective view of a preferred embodiment of 

the upper housing 108 with a cutaway 300 exposing five ports 320 formed 
in the ear placement region 120 of upper housing 108. The five ports 320 
are opposite the five ports 220 in the front portion of the upper housing 
108 as illustrated in FIG. 5. Internal air cavity 350 behind speaker 340 in 

1 5 FIG. 3 is acoustically sealed from the front of speaker 340 by the spacer 342 
and the felt member 344, and from air cavity 352 by the spacer 342 and the 
gasket 306 as illustrated in FIG. 5. Thus, this port and cavity system in 
FIG. 3 is enclosed and sealed off from the internal cavity 350 by way of the 
spacer 342, the felt member 344 and the gasket 306. Air cavity 352 in FIG. 

20 3 is formed by walls 302 and 304, the adjacent wall of the spacer 342 arid 
the adjacent walls of upper housing 108. The gasket 306 in FIG. 3 provides 
a seal between the spacer 342 and wall 302, wall 304 and adjacent walls of 
the upper housing 108. 

FIG. 4 is a partial perspective view of an alternate embodiment of 

25 the upper housing 108 with a cutaway 300 exposing additional port 338. 
Port 338 provides an acoustic duct to openings 116 in the ear placement 
region 120 for acoustically tuning the air volume 360 as illustrated in FIG. 
6. Port 338 is used in place of ports 320 in the preferred embodiment 
illustrated in FIG. 5. Internal air cavity 350 behind speaker 340 in FIG. 4 is 

30 acoustically sealed from the front of speaker 340 by the spacer 342 and the 
felt member 344, and from air cavity 352 by the spacer 342 and the gasket 
306 as illustrated in FIG. 6. Thus, this port and cavity system in FIG. 4 is 
enclosed and sealed off from the internal cavity 350 by way of the spacer 
342, the felt member 344 and the gasket 306. The air cavity 352 in FIG. 4 is 
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formed by walls 302 and 304, the adjacent wall of the spacer 342 and the 
adjacent walls of upper housing 108. The gasket 306 in FIG. 4 provides a 
seal between spacer 342 and wall 302, wall 304 and adjacent walls of the 
upper housing 108. 
5 According to a feature of the present invention, a speaker 340 

having a relatively high compliance can be used for both private operation 
and for handsfree operation when the speaker 340 and housing 108 as an 
assembly are acoustically tuned as illustrated in the embodiments in FIGs. 
5 and 6 so that the low frequency response in private operation is 
1 0 substantially improved. The high effective air volume of high compliance 
speaker 340 is compensated by acoustically coupling the air volume 360 
between the front wall 346 of upper housing 108 and the user's ear via 
ports 320, air cavity 352 and ports 220 to the air volume 370 (free air) 
behind back wall 348 in the preferred embodiment in FIG. 5, and via 
1 5 openings 112, 114, 116, port 338 in spacer 342, air cavity 352 and the five 
ports 220 to the air volume 370 behind back wall 348 in the alternate 
embodiment in FIG. 6. Acoustic tuning adjustment may be made by 
varying the number, length and cross-sectional area of ports 220 and 320 
in FIG. 5, and port 338, ports 220 and openings 112, 114, 116 in FIG. 6. 
20 Acoustic tuning adjustment may also be made by varying the volume of 
the air cavity 352 in FIGs. 5 and 6. 

FIG. 5 is a cross-section view of a preferred embodiment of upper 
housing 108 taken along a line 5-5' of FIG. 3, where upper housing 108 is 
configured as shown in FIG. 3. FIG. 5 shows an internal air cavity 350 
25 formed in upper housing 108, which is substantially separate from the air 
volume 360 formed between the front wall 346 of upper housing 108 at the 
periphery of the ear placement region 120 and the user's ear. Internal air 
cavity 350 in FIG. 5 is also substantially separate from the air cavity 352. 
Spacer 342 and felt member 344 offset speaker 340 a predetermined 
distance from the ear placement region 120 and acoustically seal air cavity 
350 from the front wall 346 of upper housing 108. Felt member 344 also 
prevents dirt and other contaminants from entering upper housing 108. 
Air volume 360 between the front wall 346 of upper housing 108 and the 
user's ear is acoustically coupled via an air path formed by the five ports 
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320, air cavity 352 and the five ports 220 to air volume 370 behind back 
wall 348. Although configured in FIG. 5 with a port 320, an air cavity 352 
and a port 200, other configurations of ports and/ or cavities may be used 
to tune the air volume 360, such as, for example, a single port from an 
5 opening 320 on the front wall 346 to an opening 220 on the back wall 348. 
Ports 220 and 320 provide acoustic inertance, and air cavity 352 provides 
acoustic compliance in the port and cavity system in FIG 5. 

FIG. 6 is a partial cross-section view of an alternate embodiment of 
upper housing 108 taken along a line 6-6' of FIG. 4, where upper housing 

10 108 is configured as shown in FIG. 4. FIG. 6 shows an internal air cavity 
350 formed in upper housing 108, which is substantially separate from the 
air volume 360 formed between the front wall 346 of upper housing 108 at 
the periphery of the ear placement region 120 and the user's ear. Internal 
air cavity 350 in FIG. 6 is also substantially separate from the air cavity 

1 5 352. Spacer 342 and felt member 344 offset speaker 340 a predetermined 
distance from the ear placement region 120 and acoustically seal air cavity 
350 from the front wall 346 of upper housing 108. Air volume 360 between 
the front wall 346 of upper housing 108 and the user's ear is acoustically 
coupled via an air path formed by openings 112, 114, 116, port 338 in 

20 spacer 342, air cavity 352 and the five ports 220 to air volume 370 behind 
back wall 348. Ports 338 and 220 provide acoustic inertance, and air cavity 
352 provides acoustic compliance in the port and cavity system in FIG 6. 
Felt member 344 also introduces some acoustic inertance in FIG. 6. 

FIG. 7 shows a graph of acoustic frequency response curve 600 of a 

25 portable radio telephone 100 in FIGs. 1 and 2 without the port and cavity 
system shown in FIGs. 5 and 6, when used in private operation. Acoustic 
frequency response curve 600 was obtained using a Foster T028S15 type 
speaker 340 (a relatively high compliance speaker) where ear placement 
region 120 was sealed to the artificial ear. Curve 602 is the desired upper 

30 limit, and curve 604 is the desired lower limit for the acoustic response of 
portable radio telephone 100. As acoustic frequency response curve 600 
reveals, a substantial bass loss occurs using a portable radio telephone 100 
in private operation without the acoustic porting in FIGs. 5 and 6. 
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FIG. 8 shows a graph of acoustic frequency response curve 700 of 
the portable radio telephone 100 in FIGs. 1 and 2 with the port and cavity 
system shown in FIG. 5, when used in private operation. Acoustic 
frequency response curve 700 was obtained using a Foster T028S15 
5 speaker 340 where ear placement region 120 was sealed to the artificial 
ear. Curve 702 is the desired upper limit, and curve 704 is the desired 
lower limit for the acoustic response of portable radio telephone 100. As 
acoustic frequency response curve 700 reveals, no substantial bass loss 
occurs using the portable radio telephone 100 in private operation with 
1 0 the port and cavity system shown in FIG. 5. 

In the preferred embodiment of the portable radio telephone 100, 
internal air cavity 350 in FIG. 5 is designed to optimize the acoustic 
frequency response of the speaker and housing assembly in handsfree 
operation, and then port 320, air cavity 352, and port 220 in FIG. 5 are 
designed to optimize the acoustic frequency response in private operation. 
When the portable radio telephone 100 is used in handsfree operation, air 
space 360 is free air and the port and cavity system in FIG. 5 has no effect. 
When the portable radio telephone 100 is used in private operation, air 
space 360 is that volume of air between the front wall 346 of upper 
housing 108 and the user's ear, and ports 320, air cavity 352, and ports 220 
in FIG. 5 compensate the acoustic frequency response for the effect of air 
space 360. In the alternate embodiment illustrated in FIG 6, openings 112, 
114, 116, port 338 in spacer 342, air cavity 352 and the ports 220 
compensate the acoustic frequency response for the effect of air space 360 
25 in private operation. 

Thus, a portable electronic device is adapted to provide handsfree 
operation and adapted to be held against a user's ear to provide private 
operation. A housing is configured to carry at least one of a receiver and a 
transmitter. The housing further has an ear placement region on a front 
surface thereof. A speaker is disposed in the housing behind the ear 
placement region. The ear placement region is adapted to be held against 
a user's ear to provide private operation creating a first air volume 
between the user's ear and the ear placement region. An air path formed 
in the housing includes at least a first port positioned within the ear 
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placement region and at least a second port positioned at a back surface of 
the housing. The air path leads from the first air volume to a second air 
volume at the back surface of the housing via the at least first port and the 
at least second port. The air path may further include a second air cavity 
between the first port and the second port for providing additional 
acoustic tuning. A preferred embodiment of the portable electronic device 
is a portable radio telephone that provides handsfree and private 
operation. Other embodiments of the portable electronic device may 
include any communications device where both handsfree and private 
operation is desired. 

While particular embodiments of the present invention have been 
shown and described, modifications may be made. It is therefore intended 
in the appended claims to cover all such changes and modifications which . 
fall within the true spirit and scope of the invention. 
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CLAIMS 



1. An electronic device adapted to provide handsfree operation and 
adapted to be held against a user's ear to provide private operation, the 
portable electronic device comprising: 

a housing, the housing configured to carry at least one of a receiver 
and a transmitter, the housing having a front surface and a back surface, 
the housing further having an ear placement region on the front surface 
thereof; 

a speaker disposed in the housing adjacent the ear placement 
region, the ear placement region adapted to be held against a user's ear to 
provide private operation creating a first air volume between the user's 
ear and the ear placement region; and 

an air path formed in the housing, the air path having at least a first 
port positioned within the ear placement region and at least a second port 
positioned at the back surface of the housing, the air path leading from the 
first air volume to a second air volume at the back surface of the housing 
via the at least first port and the at least second port. 

2. The electronic device according to claim 1, further including an air 
cavity disposed in the housing between the first port and the second port, 
the air path leading from the first air volume to the second air volume via 
the at least first port, the air cavity and the at least second port. 

3. The electronic device according to claim 1, further including a felt 
member between the spacer and the housing for preventing contaminants 
from the housing. 



4. A radio telephone adapted to provide handsfree operation and adapted 
to be held against a user's ear to provide private operation, the portable 
radio telephone comprising: 

a housing having an upper housing and a lower housing, the lower 
housing configured to carry a receiver and a transmitter, the upper 
housing having a front surface and a back surface, the upper housing 
further having an ear placement region on the front surface thereof; 

a speaker disposed in the upper housing adjacent the ear placement 
region, the ear placement region adapted to be held against a user's ear to 
provide private operation creating a first air volume between the user's 
ear and the ear placement region; and 

an air path formed in the upper housing, the air path having at least 
a first port positioned within the ear placement region and at least a 
second port positioned at the back surface of the upper housing, the air 
path leading from the first air volume to a second air volume at the back 
surface of the upper housing via the at least first port and the at least 
second port. 

5. The radio telephone according to claim 4, further including an air 
cavity disposed in the upper housing between the first port and the 
second port, the air path leading from the first air volume to second air 
volume via the at least first port, the air cavity and the at least second port. 
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6. A radio telephone adapted to provide handsfree operation and adapted 
to be held against a user's ear to provide private operation, the radio 
telephone comprising: 

a housing having an upper housing and a lower housing, the lower 
housing configured to carry receiver and a transmitter, the upper housing 
having a front surface and a back surface, the upper housing further 
having an ear placement region on the front surface thereof, the upper 
housing further including at least a first opening positioned within the ear 
placement region; 

a speaker disposed in the upper housing adjacent the ear placement 
region, the ear placement region adapted to be held against a user's ear to 
provide private operation creating a first air volume between the user's 
ear and the ear placement region; 

a spacer between the speaker and the upper housing for spacing the 
speaker a predetermined distance from the upper housing, the spacer 
further including a first port coupled to the at least first opening; and 

an air path formed in the upper housing, the air path having the at 
least first opening, the first port, and at least a second port positioned at 
the back surface of the upper housing, the air path leading from the first 
air volume to a second air volume at the back surface of the upper housing 
via the at least first opening, the first port and the at least second port. 
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7. The radio telephone according to claim 6, further including an air 
cavity disposed in the upper housing between the first port and the 
second port, the air path leading from the first air volume to the second air 
volume via the at least first opening, the first port, the air cavity and the at 

5 least second port. 

8. The radio telephone according to claim 6, further including a felt 
member between the spacer and the housing for preventing contaminants 
from the housing. 

10 

9. The radio telephone according to claim 6, wherein the air path includes 
at least four additional ports positioned at the back surface of the housing. 

10. The radio telephone according to claim 6, further including a cavity in 
1 5 the upper housing adapted to receive a battery pack for powering the 

radio telephone. 
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